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LIGHT EMITTING DIODE DEVICE HAVING 
A SHIELD AND/OR FILTER 

FIELD OF THE INVENTION 

The present invention relates generally to light emitting 
diode devices, and more particularly relates to the shielding 
and ?ltering of light from such devices. 

BACKGROUND OF THE INVENTION 

Light emitting diodes (LED’s) are fast becoming a prefer 
able light source for automotive lighting applications, as they 
consume less poWer but provide light output Which is accept 
able for such applications. Typically, lenses are used in con 
junction With re?ectors in order to provide a projected image 
of illumination or beam pattern Which corresponds to a par 
ticular automotive lighting function. Unfortunately, this 
beam pattern has relatively loW-gradient edges, thus limiting 
the application of LED’ s in automotive applications requiring 
high-gradient regions of the beam pattern. Accordingly, there 
exists a need to provide a LED device capable of providing a 
beam pattern having high-gradient edges or regions. 

BRIEF SUMMARY OF THE INVENTION 

The present invention provides a light emitting diode 
device capable of shielding or ?ltering the light in a manner to 
provide high-gradient edges or regions Within the beam pat 
tern. The LED device is also capable of providing selective 
coloring, thereby cost effectively improving the adaptability 
and number of applications Which can utiliZe the LED device. 
The LED device generally comprises a housing, a LED chip, 
and an optical layer. The LED chip is mounted to the housing 
and generates light. The optical layer is positioned in front of 
the LED chip and includes a material having light transmis 
sion properties Which change in response to electricity being 
supplied to the optical layer. In this manner, the optical layer 
can transmit or absorb light from the LED chip, thus shielding 
or ?ltering light from the LED chip. For example, the optical 
layer may shield or ?lter light to create a high gradient along 
an edge of the beam pattern produced by the light. Further, the 
optical layer may ?lter certain Wavelengths of light from the 
LED chip to determine the color of light delivered by the LED 
device. 

According to more detailed aspects, the material of the 
optical layer preferably comprises liquid crystal, and the opti 
cal layer preferably comprises an LCD. The LED device 
preferably includes a conversion layer positioned on the LED 
chip for converting light from the LED chip to White light. 
The conversion layer typically includes phosphor. Here, the 
optical layer is positioned on the conversion layer. As such, 
the optical layer may ?lter the White light to provide selective 
coloring. The optical layer may cover all edges of the LED 
chip, or may cover less than all edges of the LED chip Which 
may be preferable for applications requiring a high-gradient 
region in only one portion or edge of the beam pattern. The 
LED device may also include a second optical layer posi 
tioned in front of the optical layer, and one optical layer may 
?lter the light from the LED chip While the other optical layer 
shields light from the LED chip. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying draWings incorporated in and forming 
a part of the speci?cation illustrate several aspects of the 

20 

25 

35 

45 

50 

55 

60 

65 

2 
present invention, and together With the description serve to 
explain the principles of the invention. In the draWings: 

FIG. 1 is a side vieW of a light emitting diode device 
constructed in accordance With the teachings of the present 
invention; 

FIG. 2 is a perspective vieW of the light emitting diode 
device depicted in FIG. 1; 

FIG. 3 is a plan vieW, partially cut-aWay, of an alternate 
embodiment of the optical layer forming a portion of the light 
emitting diode device depicted in FIGS. 1 and 2; and 

FIG. 4 is a side vieW of an alternate embodiment of the light 
emitting diode device depicted in FIGS. 1 and 2. 

DETAILED DESCRIPTION OF THE INVENTION 

Turning noW to the ?gures, FIGS. 1 and 2 depict a light 
emitting diode LED device 20 constructed in accordance With 
the teachings of the present invention. The LED device 20 
generally includes a housing 22 and a casing 24 encapsulating 
the elements of the device 20. The casing 24 may be con 
structed as part of and unitarily With the housing 22, or the 
casing 24 may be a separate element. In either case, the casing 
24 is generally constructed of a clear optical grade material 
for transmission of light, although the casing 24 may be 
colored or otherWise modi?ed so long as its transmits light 
forWardly (to the left in FIG. 1). The casing 24 has been 
shoWn as a solid optical dome, although it Will be recogniZed 
that the casing 24 can comprise a thin Walled dome leaving air 
betWeen the casing 24 and the other LED components 26-34. 
As is knoWn in the art, a slug 26 is connected to the housing 

22. A sub-mount 28 is positioned on the slug and is used for 
mounting a LED chip 30. The LED chip is a structure Well 
knoWn in the art and all forms of such LED chips, noW knoWn 
or derived in the future, may be used in conjunction With the 
LED device 20 of the present invention. Brie?y, the LED chip 
generally comprises a diode Which is a simple semiconductor 
device, and the application of voltage across the diode causes 
interactions of electrons and holes in a depletion Zone, result 
ing in the generation of light. Leads (not shoWn) are used to 
apply such voltage to the LED chip 30. Preferably, the chip 30 
comprises an InGaN chip (Indium Gallium Nitride) Which 
provides light having a brightness suitable for automotive 
applications, although it Will be recogniZed that numerous 
other types of LED chips may be employed including organic 
LED’s and others. It Will also be recogniZed by those skilled 
in the art that the LED device 20 of the present invention may 
be applied to many industries in addition to the automotive 
industry, as numerous other applications require high-gradi 
ent regions and/or selective coloring. 
The LED chip 30 is covered With a conversion layer 32 

Which converts light from the LED chip 30 to White light. The 
conversion layer typically consists of phosphor, such as a 
poWder coating held in place by a transparent coating, 
although the phosphor may be imbedded in a matrix material 
and positioned on the LED chip 30. It can be seen in FIG. 1 
that the conversion layer 32 covers both the forWard facing 
surface and the side surfaces of the LED chip 30 so as to 
convert all light emanating therefrom. While the conversion 
layer 32 is recommended, especially for applications in Which 
White light or selective coloring is desired, it Will be recog 
niZed by those skilled in the art that the conversion layer 32 
may be dispensed With and the light generated directly from 
the LED chip 30 may be shielded in or ?ltered, as Will be 
described beloW. 
An optical layer 34 is positioned on the conversion layer 32 

for shielding and/or ?ltering of light from the LED chip 30. 
The optical layer 34 preferably is siZed larger than the LED 
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chip 30 and the conversion layer 32, and thus projects beyond 
the edges thereof in order to shield and/or ?lter a substantial 
portion of the light. As shoWn, the optical layer 34 Wraps 
around the chip 30 and its conversion layer 32. The optical 
layer 34 includes a material having light transmission prop 
erties Which change in response to electricity being supplied 
to the optical layer. Preferably, the material is liquid crystal 
and the optical layer is a liquid crystal display (LCD), Which 
is Well knoWn in the art. Brie?y, tWo substrates (such as 
polariZed glass or polarizing ?lms) sandWich liquid crystal 
therebetWeen, and the application of an electric charge to the 
liquid crystal molecules causes them to tWist (or untWist) 
thereby controlling light transmission through that area of the 
LCD. Most preferably, the optical layer 34 is an active matrix 
LCD Which utiliZes thin ?lm transistors (TFT’ s) Which alloWs 
for excellent control over the transmission and absorption 
properties of the optical layer 34 through careful control of 
the voltage supplied to the liquid crystal. 

It Will also be recogniZed that the optical layer 34 is pref 
erably a color LCD Whereby color ?lters are employed in 
order to provide selective transmission of certain colors 
through the layer 34 (i.e. selective ?ltering or band pass). It 
Will be recogniZed by those skilled in the art that LCD tech 
nology is a rapidly evolving ?eld, and several variations of 
liquid crystal technology are and Will be developed, including 
super tWisted pneumatics, dual scan tWisted pneumatics, fer 
rule electric liquid crystal and surface stabiliZed ferrule elec 
tric liquid crystal. Likewise, it Will be recogniZed that other 
materials are knoWn and may be developed Which have light 
absorption properties that are responsive to the application of 
an electric charge to the material to provide control over light 
absorption and transmission all of Which are contemplated for 
use in the optical layer 34 of the present invention. A control 
ler (not shoWn) can be preprogrammed to regulate the electric 
charge applied to the material and the optical layer 34 in order 
to control the absorption/transmission properties thereof. For 
example, various sensors may be employed in a closed loop 
control system, or operator input or other vehicle inputs may 
be utiliZed by the controller in order to regulate the electricity 
supplied to the optical layer 34. 

Accordingly, it Will be recogniZed by those skilled in the art 
that through the addition of the optical layer 34 immediately 
on top of the LED chip 30 and conversion layer 32, the 
absorption and transmission of light through the optical layer 
34 may be Well controlled to achieve a number of obj ects. For 
example, the edges of the produced beam pattern (i.e. beam 
distribution) may be readily de?ned to have a high-gradient, 
Which is desired in many applications including automotive 
applications such as headlamps and tail lights. LikeWise, the 
intensity of light or the brightness of the light produced by the 
LED device 20 may be controlled through controlling the 
voltage applied to the material and the optical layer 34. Simi 
larly, the color ?ltration properties of speci?c areas of the 
optic layer 34 may be controlled, and, selective ?ltering may 
be employed in order to provide for selective coloring and the 
transmission of a speci?ed color. 
As a particular example, in automotive head lamps the 

upper edge of the beam pattern is desired to be controlled and 
to have a high-gradient. Accordingly, the optical layer 34 may 
be used to shield light along an upper edge of the LED chip 30 
and conversion layer 32 for this particular automotive lighting 
application. For example, as depicted in FIG. 3, the optical 
layer 34 may be siZed and structured to only cover a portion of 
the LED chip 130. Speci?cally, only one edge such as a top 
edge 135 may be completely covered by the optical layer 134. 
In this manner, shielding and/or ?ltering may be applied by 
the optical layer 134 to only a speci?c region of the beam 
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4 
pattern produced by the LED chip 130. As another example, 
the optical layer 34 may be utiliZed to ?lter light from the chip 
30 and conversion layer 32 to provide for full color manipu 
lation for different automotive signaling applications or illu 
mination color rendering. It Will be recogniZed that the shield 
ing layer 34 may be tailored for speci?c applications. 

Turning noW to FIG. 4, an alternate embodiment of an LED 
device 220 has been depicted in a side vieW. As in the prior 
embodiment, the LED device 220 includes a housing 222 and 
a casing 224 for encapsulating a slug 226, sub-mount 228, 
LED chip 230 and conversion layer 232. In this embodiment, 
hoWever, a ?rst optical layer 234 is supplemented With a 
second optical layer 233. In this manner, one of the optical 
layers 233, 234 may be employed for shielding functions, 
While the other optical layer 233, 234 may be employed for 
?ltering functions such as color ?ltering. Each of these optical 
layers 233, 234 are preferably constructed in a manner as 
previously described With the prior embodiment. As such, it 
Will be recogniZed that the LED device 220 provides for 
separation of the shielding functions and ?ltering functions 
through the use of tWo optical layers. 
The foregoing description of various embodiments of the 

invention has been presented for purposes of illustration and 
description. It is not intended to be exhaustive or to limit the 
invention to the precise embodiments disclosed. Numerous 
modi?cations or variations are possible in light of the above 
teachings. The embodiments discussed Were chosen and 
described to provide the best illustration of the principles of 
the invention and its practical application to thereby enable 
one of ordinary skill in the art to utiliZe the invention in 
various embodiments and With various modi?cations as are 
suited to the particular use contemplated. All such modi?ca 
tions and variations are Within the scope of the invention as 
determined by the appended claims When interpreted in 
accordance With the breadth to Which they are fairly, legally, 
and equitably entitled. 
The invention claimed is: 
1. A light emitting diode device comprising: 
a housing; 
a LED chip mounted to the housing, the LED chip gener 

ating light; 
a casing connected to the housing and encapsulating the 
LED chip; and 

an optical layer positioned in front of the LED chip and 
behind the casing, the optical layer including a material 
having light transmission properties Which change in 
response to electricity being supplied to the optical layer. 

2. The light emitting diode device of claim 1, Wherein the 
optical layer absorbs light from the LED chip. 

3. The light emitting diode device of claim 1, Wherein 
energiZation of the optical layer shields light from the LED 
chip. 

4. The light emitting diode device of claim 1, Wherein 
energiZation of the optical layer ?lters light from the LED 
chip. 

5. The light emitting diode device of claim 4, Wherein the 
optical layer ?lters certain Wavelengths of light from the LED 
chip. 

6. The light emitting diode device of claim 4, Wherein the 
optical layer determines the color of light delivered by the 
light emitting diode device. 

7. The light emitting diode device of claim 1, Wherein 
energiZation of the optical layer shields or ?lters light to 
create a high gradient along an edge of a beam pattern pro 
duced by the light. 

8. The light emitting diode device of claim 1, Wherein the 
material comprises liquid crystal. 
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9. The light emitting diode device of claim 8, Wherein the 
optical layer comprises an active matrix LCD. 

10. The light emitting diode device of claim 1, Wherein the 
optical layer covers less than all edges of the LED chip. 

11. The light emitting diode device of claim 1, further 
comprising a conversion layer positioned on the LED chip for 
converting light from the LED chip to White light. 

12. The light emitting diode device of claim 11, Wherein 
the conversion layer includes phosphor. 

13. The light emitting diode device of claim 11, Wherein 
the optical layer is positioned on the conversion layer. 

14. The light emitting diode device of claim 11, Wherein 
the optical layer is directly connected to one of the LED chip 
and the conversion layer. 

15. The light emitting diode device of claim 1, further 
comprising a second optical layer positioned in front of the 
optical layer, the second optical layer including a material 

5 

6 
having light transmission properties Which change in 
response to electricity being supplied to the second optical 
layer. 

16. The light emitting diode device of claim 15, Wherein 
one of the optical layers ?lters light from the LED chip and 
the other optical layer shields light from the LED chip. 

17. The light emitting diode device of claim 1, Wherein the 
optical layer is positioned immediately on top of the LED 
chip. 

18. A light emitting diode device comprising: 
a housing; 
a LED chip mounted to the housing, the LED chip gener 

ating light; and 
an optical layer positioned in front of the LED chip, the 

optical layer including a material having light transmis 
sion properties Which change in response to electricity 
being supplied to the optical layer, Wherein the optical 
layer covers all edges of the LED chip. 

* * * * * 


